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BCTYII

Manras € oIHUM 13 caMHUX NOLIUPEHUX eneMeHTiB Ha 3emui [1]. B mpuponi
y BUIBHOMY CTaHl BiH HE 3yCTpPIYa€TbCs, aje B 3E€MHIA KOpP1 3HAXOJIUTHCA Y
kibkocti 0,09%. B npuponi Halinommupenima crnoixyka MnO2-nH20 (miposro3ur).
Manras nyxe Ba)JIMBHH JJIA )KUBUX OPTaHi3MiB, SIK MIKpOEJIEMEHT Oepe y4acTh B
psani GionoriuHux mporieciB [2], a moOoBa moTpedba B HhOMY CKIIAIa€e JEKiIbKa
Mmigirpam (5-7 mr) mo, 3a3BU4aidl, HAAXOAUTh 3 XapuyBaHHAM. [0 MPOAYKTIB, B
SAKUX MICTUTbCS HAMOLIbIIA KIIBKICTh LIBOTO MIKPOEIEMEHTA, BITHOCATHCS TPELbKi
rOpixu, 3¢pHOBI, OaHAHM Ta 1HIIII.

ManraH BOJIOJI€ JTOBEACHOIO OI0JOTIYHOK POJUII0 B EHEPTeTUYHOMY Ta
MaKpOMOJIEKYJIIPHOMY OOMiHI, B THpoIliecax KpOBOTBOpPEHHS Ta (HOpMyBaHHs
KICTOK, TOMEOCTa31 TII0KO3U, peryJssmii (yHKIIOHYBaHHS TOPMOHIB Ta HEPBOBOI
CHUCTEMH, TIpollecax pereHepaiii Ta Oararbox I1HIIMX OIOJOTIYHUX MpoIecax
oprauizmy [3].

HenocraTHst KiNbKICTP MaHraHy B Oprafi3Mi NPU3BOJIUTH 10 OaraTbox
npoOsieM. [TopylryroThCs HOpMaIbHUI PO3BUTOK KICTOK Ta XPAIIIIB, TOJIEPAHTHICTh
70 TJIIOKO3M, HOPMAaJbHUM TMpOIEC 3aro€HHsS paH, MeTabodi3M BYTJIEBOJIB Ta
KHPIB, CIIOCTEPITalOTHCS 3aTPUMKA POCTY Ta HU3bKa (PEpTUIIBHICTD [4].

AJle CIIOJyKM MaHraHy Jy>ke TOKCHYHI 1 € HeOe3neka oTpyeHHs HUMH. [Ipu
pa3oBOMY B)KMBaHHI JieTalbHa Jo03a craHoButh Ot 15 1. Ilpm upomy
MOJIPA3HIOIOTHCS CIM30B1 0OOJOHKHM OY€H Ta AMXAJIbHUX IUISAXIB, MOPYLIYETHCS
KpOBOOOIr, CIOCTEpIracThCsl TOJOBHHUM Ounb, 3amyxa Ta cinadkicte [2]. yxe
YYTJIUBUM JI0 MEpPEA03yBaHHS MAHTAaHOM € TOJIOBHUH MO30K, BUKIMKAIOUU
HEHPOIOBEIIHKOBI Ta HEUPO(D1310J0TiuHI €PEeKTH, HEBPOIOTIUHUN CHHIPOM, SKHH
cxoxuil Ha xBopoOy Ilapkincona. Bin mose npurHiuyBatu cunre3 AT® 3aBasku
npurHideHHio Qynkuii F1AT®-a3u, a npu BHUIIMX KOHLEHTpPAISX 3aBISKH
NpUTrHIYEHHIO (QyHKLIIOHYBaHHS MiToXOHApiHHOTO KoMmIuiekcy I [3]. Takox
OTPYEHHS MAHTaHOM MPU3BOJIUTH 0 HEraTMBHOTO BIUIMBY Ha IMyHHY CHCTEMY,

HEPBOBY Ta TOPMOHAJIbHY CHCTEMHM, NPU3BOJIUTH 0 MOPYLIEHHS METa00Ji3My



KHUpPIB Ta BYIJEBOMIB, a TAaKOX MOPYIIEHHS TOMEOCTa3zy, BHUKIIUKAE
reMaTOTOKCUYHICTh Ta OKCUAATUBHMUA cTpec. ToOMy BHBUYEHHS TOYHHX,
CEJICKTUBHUX, IIBUIKUX, IPOCTUX Ta UyTJIMBUX METOIIB KUIbKICHOTO BU3HAYEHHS

CIIOJIYK MaHI'aHy Ma€ BCJIMKC 3HAYCHHA.

Axkmyanpnicmsp: Ilomyk HOBUX METOIUK Ta OITHUMI3AIlUS BIIOMHX

METOJMK KUTbKICHOTO BU3HAYEHHS CIIOJIYK MaHTaHY B JIETUYHHUX T0OABKaX.

Mema: ontuMizyBaTH METOJAMKY KUIBKICHOTO BHU3HA4Y€HHS CIIOJIYK

MaHTaHy Yy JIETHYHUX J100aBKaX CIEKTPOPOTOMETPUIHUM METOJOM aHaIi3Yy.

3asoanna:

1. [IpoanamizyBatu iTepaTypHi JaHi WIOJO POJI Ta 3aCTOCYBaHHS
CIIOJIyK MaHraHy, iX (apMakosoriuni Ta (I3UKO-XIMIYHI BIIaCTUBOCTI,
MeTa0o0JI13M Ta MEXaHI3M Jii.

2. [IpoBectn aHami3 MeTONWMKHU  imeHTUGIKAIii Ta  KUIBKICHOTO
BHU3HAYEHHS CHOJYK MaHTaHYy.

3. Kopucrytounch naHuMu MPOBENEHUX JIOCHIKEHb ONTUMI3yBaTH
METOJIMKY KUJIBKICHOTO BU3HA4YEHHS CHOJYK MaHTaHy y JI€TUYHHUX J100aBKax
Mn-Zyme (Biotics Research) ta Manganese (Pure Encapsulations)
CHEKTPO(YOTOMETPUYHUM METOJIOM aHAII3Y.

4. 311MCHUTH YaCTKOBY OLIIHKY BaJIiJAlliIHHUX XapaKTEPUCTHK METOIAUKU
KUIBKICHOTO ~ BU3HAQU€HHA HMOHIB MaHTraHy y  JI€TUYHUX  J00aBKax
CHEKTPO(HOTOMETPUYHUM METOJIOM aHAII3Y.

Memoou oocniorncennn: 616110CEMaHTHYHUI, CIEKTPOPOTOMETPIsL.

IlIpeomem oocnioncenna: CrnextpodoromeTpis Ta ii 3acTOCyBaHHS IS

KUIbKICHOTO BU3HAYEHHS MOHIB MaHTaHy y CKJIaJll JIETUYHUX TOOABOK.



Ilpakmuune 3nauenns ompumanux pesynvmamie: 3anpPONOHOBAHA
aJbTepHATUBHA METOJMKA KIJIbKICHOTO BU3HAUYCHHS WOHIB MaHTaHy Y J1€TUYHHUX
no0aBKax.

Anpobauia pe3ynomamie 0ocnioxycenHs. PesynbraTu JOCTiIHKCHHS Oynu
npexacrasieHi Ha V HaykoBo-npakTuuHii KOH(pEpeHLii 3 MIKHAPOAHOIO y4acTIO
«PLANTA+. Hayka, npaktuka Ta OCBITa», NPUCBSUEHIA NaM’ STl JIOKTOpa
ximMiuHMX Hayk, npodecopku Hinu IlaBnaiBaun Makciotinoi (1o 100-piuust Big aHA

Hapo KkeHHs ) 28-29.01.2025 ([oxatoxk 5).

Cmpykmypa pooéomu. Pobora Bxmouae Tabmuup -5, Pucynkis — 4,

HlonatkiB — 5, 3aranbHuit 00csT 42 CTOPIHOK.



Po3ain 1. MaHraH, MeToay BU3HAYEHHSI.

1.1. Poab MaHraHy B OpPraHizmi Ta Oro 3acTOCyBaHHS.

Manran (Mn) — 11e OJIMH 13 BaKJIUBUX MIHEPAJiB JJIs 37[0POB's IIOAUHU. AJle
BiH € 1 MOTEHIIIHHO TOKCHMYHMM. | OCI BUEHI MPOMOBXKYIOTh JOCIHIIXKYBATH SIK
HACJIJIKK Horo nedinuty, Tak 1 TOKCUYHY A1I0 Ha XUBI opraHizmu. Ha3Ba manrany
MOXOJUTh BiJ TPEIBKOTO «Maris» 1 BIH HEOOXIMHHWM aJis mepediry IUIOTO PsIy
(1310J0T1YHUX MPOIIECIB, BXOJUThH IO CKJAAy BEJIHUKOi KIIBKOCTI (DEpPMEHTIB Ta €
aKTUBATOPOM IHIIMX €H3UMIB, SKI MOTPiOHI AJii MeTabodi3My BYTJIEBOIIB,
XOJIECTEpUHY, aMIHOKUCJIOT, CHHTE3Y IUIIOKO3HU B IPOIIEC] TIIIOKOreHe3y [5].

Hecraua maHrany mnpu3BOAMTH A0 MOPYIICHHS HOPMAJbHOTO PO3BHUTKY
CKeJeTa y 0ararb0X TBapHH, OCKUIbKM BIH € KO(PAKTOpOM TUX (DEPMEHTIB, SKi
NOTPiOH1 A1 CUHTE3Y MPOTEOTIIKAHIB, 110 HEOOX1IHI sl POPMYBaHHS XPSILIOBUX
Ta KICTKOBHX TKaHWUH [6]. ManHran HeoOXimHWI st akTuBaiii ¢depMeHTa
MpoJifas3y, SIKUH NOTpiOeH Al OTPUMAHHS aMIHOKHCIIOTH TMPOJIiH, KA, B CBOIO
yepry, 3a0e3neuye yTBOPEHHS KOJareHy B KJIITHHAX IIKIPHU JIOAUHUA. TOMy MaHraH
BiJIiIrpa€e BaXXJIUBY POJIb Y 3aTOEHHI PaH, OCKUTBKH IIeH MPOIIEC € TOCUTh CKIaTHUM
1 moTpelye miBUILIEHOT0 BUPOOHUIITBA KonareHy. [Ipu HenocTaui  mposigasu y
JIOMHU BUHUKAIOTH MPOOJIEMH 31 3710pOB’SIM, MOPYLIYETHCS MPOLIEC 3aTOEHHS paH
Ta BUHUKA€E aHOMAJIbHE SIBUIIE META00J113My MIKPOEJIEMEHTa MaHTaHy .

barato ¢epmeHTIB, sIKi aKTUBYIOTBCS MaHTaHOM, BITPAalOTh BAKIUBY POJIb
B Meraloiyii3Mi  BYIJIEBOMAIB,  aMIHOKHMCIOT,  XoyiecTepuHy.  DepMeHT
mipyBaTkapOoKcuiaza, |y  CKjJaal  SKOrO €  MaHrad, Ta  (epMeHT
dbochoenonmipyBaTtkapOOKCUKHMHA32, KU aKTUBYETHCS MaHTaHOM, BIiJIrparoTh
BEIIMYE3HY pPOJb B IiIIOKOTreHe3l. [Hmoro c¢epmenry, apriHasu, SKUH MICTHTb
MaHraH, NoTpedye Me’iHKa sl JETOKCUKallli aMOHIaKy, IO YTBOPIOETHCA MPH
MeTabomi3Mi  aMiHOKUCIOT. [nyramiHcuHTeTasa, (EepMeHT, IO aKTHBYETHCS

MaHT'aHOM, IEPETBOPIOE IIIyTamaT B IIyTaMiH [6].



HenocraTHs KiIbKICTh MaHTaHy B OpraHi3Mi JIOAUHH MOXE OyTH MPUYUHOIO
Py XpPOHIYHUX 3aXBOpIOBaHb a00 MAaTH BIUIMB Ha iX PO3BUTOK, XO4a Ha JaHU
gac MOTPiOHI TOJATKOB1 AOCTIIPKCHHS JUIsl BU3HAYCHHS, YU MA€ BIUIUB HEJAOCTATHS
KUIBKICTh MaHTaHy B Xap4yyBaHHI JIFOJMHU HA TIEBHI XBOPOOH.

JlocnipkeHHs, M0 TPOBOJWINCH paHille, TIOKa3ajdh, MO Yy JKIHOK 3
OCTEOMOPO30M CIOCTEPIrajoch 3HMKCHHS KOHIIEHTpAllii MaHraHy B IJia3Mi a0o
CHUBOPOTII B IOPIBHSAHHI 3 XKIHKaMH 0€3 0cTeonopo3y. AnoHChbKUMU BYUCHUMH OYJII0
BUSIBJICHO, 110 OLIbII BUCOKE BXKMBAHHS MaHraHy 3 XapyyBaHHS IOB’SI3aHO 3
HIDKUYHUM PH3UKOM PO3BUTKY J11a0€Ty APYroro TUIy caMe Y >KIHOK, Ha BiIMIHY Bij
YOJIOBIKIB. AJie, X04a MaHTaH BiJlirpae MeBHY poJib B METa0Oi3Mi IIFOKO3H, J0CI
HE BU3HAYEHO, YU MOKE OUIbII BUCOKUH PIBEHb IIbOTO MIKPOEJIEMEHTY MOKPALTUTH
TOJIEPAHTHICTh JO TJIOKO3M Ta 3aXUCTUTU BiJ PO3BUTKY IIYKpOBOTO miadery
APYroro THUIY.

Takox € JOCHIPKEHHS IIOJA0 3B’S3Ky MK METaboJIi3MOM MaHraHy Ta
EMUIETICIEI0 Y JIFOJUHU 1 11 TOCHIIKEHHS 3aCIyTOBYIOTh Ha TOJIajbIlle BUBYCHHS,
OCKUIbKU BUSIBJICHO, II0 KOHIIGHTpAIlisl MAaHTaHy y KPOBI JIFOJCH, 10 CTPaKIAIOTh
Ha eMJIENCio, HIbKYa, HIXK Y JIIoJiel 0e3 enijencii.

o6 BM3HAYMTH ONTHUMAaJIbHY HOPMY JCHHOTO CIIOKMBAHHS MaHTaHy BYEHI
MipaxyBalid, 0 B CEPEIHbOMY JIFOJU 31 3I0pPOBUM CIIOCOOOM JKUTTS, Y SKUX HE
Oyn0 BUSIBIEHO AC(IIHUTY LBOTO MIKPOEIEMEHTY, CIIOXHBAIM 3 XapuyBaHHSIM
Onu3bko 2,3 Mr/meHb 4YOJOBIKM Ta Omu3bko 1,8 Mr/aeHp xiHkw. Jlromu, sKi
JOTPUMYIOTHCSI BETeTapiaHChKO1 MI1€TH, MOXXYTh CIHOXKHUBaTH 1 1O 7 MI/IEHb
MaHrany. barari mxepena maHrany — 1e 6000Bi, TOpiXH, I[UUIbHE 3€pHO, YOPHHIMA
yaii, TUCTOB1 OBOY1, OaHAaHH, IIACTIBII [6].

Jlesiki MpOIyKTHU MOKYTh IMIPUTHIYYBAaTH 3aCBOEHHS MaHraHy, HAPUKIIad, Ti,
0 MICTATH 6araTo MIaBJIEBOT KUCJIOTH (KamycTa, MIMWHAT) abo Ti, MO0 MICTATh
6arato (ITUHOBOI KHCIOTH (CO€B1 MPOIYKTH, ropixu, 000m). Yail, sxuii cam

OaraTuii Ha MaHraH, MICTUTh TaHIHH, SIKI TaKOXX TPOXHU 3HIKYIOTh 3aCBOEHHS
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IIOTO MIKpOeJIeMeHTa. BUSBICHO TakoX, IO BXUBAaHHS TaKUX MIHEpaliB SIK
KaJbLiH, 3271130, pochop, npU3BOAUTH A0 OOMENKEHOTO YTPUMAHHS MaHTaHy.

Agne He moTpiOHO 3a0yBaTH MPO TOKCUYHICTh MAHTaHy, K4 MOXe IPU3BECTH
70 TIEBHUX HEBPOJOTIYHHUX MTPOOJIEM JiS JIIOJCH, SKi BAWXAIOTh MUJ MaHTaHy
(3BaplOBaJIbHUKH, IIaXTapi) 13 CUMIOTOMAaMH, sIK 'y XBopoOi [lapkincona — Tpemop,
cma3Mu M’S31B JIMIA Ta TpyAHoIumi mnpu xoawdOi. llelt cuHIpom Ha3UBaOTh
ManraniaMmom [3]. Takox MOXe BHHHKHYTH 3alalieHHS JIET€Hb 3 TaKUMU

CUMITOMAMH SIK KallleJib, 3HIKEHHS (DYHKIIIT JIeTeHb.

1.2. Mexani3m aii Ta MeTa00J1i3M iOHIB MAHTaHY.

MaHran BCMOKTYETbCS B TOHKIiM KUIINII, MiCJIi YOro MEBHAa YacTHHA HOro
3aJIUIIAE€THCA BUIBHOIO, ajleé OUTbIlla KUIBKICTh 3B SA3YETHCS 13 TpaHCHEPUHOM,
anpOyMiHOM, a TakoX 3 aib(a-2-MakporaoO0yiHOM. 3acBOIOETHCS LM
MIKPOEJIEMEHT MEYIHKOW Ta 1HIIMMHU TKAaHWHAMH, ajieé MEXaHI3M IbOTO TPOIECY
HEJI0CTaTHHO BUBUYEHMUII [4].

B opranizmi moguaun € 6mmu3pko 10-20 mMr masrany, 3 skux 25-40%
MICTUTBCSI B KiCTKax. BiH TakoXk € B TediHIl, HUPKaxX, MiAIUTYHKOBIM 3a1031 Ta
Mo3ky. KoHmeHTpaiisi 1bOT0 MIKpOEJIEMEHTa B TKAHMHAX MiITPUMYETHCS
CTaOUTPHOIO OpraHi3MOM 4Yepe3 peryjasTOpPHUN KOHTPOJb MOTJIMHAHHS Ta
BuBejieHHS. binbine sk 90% abcopOoBaHOr0 MaHraHy BHBOJMTHCS Ye€pe3 JKOBY 3
KaJloM, a HE3HayHa KUIbKicTb peabcopOyerbes. Jlyke Mano IbOro eleMeHTY
BHJIUISIETHCA 3 ceuero [4].

3aCBOEHHSI MaHTaHy 3 Xap4iB 3MEHIIYETHCS MPHU 30UIBIIECHH] B HUX 3ai3a.
AGcopO1is MaHTaHy B KMILKAX IMMiJIBUILYETHCS MPpU Ae(DIUUTI 3ai3a, a 30UTbIICHHS
piBHIO (epuTHHy (3asli3a) MOB’s3aHE 13 3MEHIICHHSIM abcopOuii manrany. Sk
MIPaBUJIO, Y YOJIOBIKIB CIIOCTEPITra€ThCsl MEHILE MOTJIMHAHHA MaHraHy y MOPIBHAHHI

3 JKIHKaMH, II0 MOX€E IMOSICHIOBATUCh OUIBIIMM  JEHO 3ajli3a y 4YOJIOBIKIB B
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MOPIBHSHHI 3 XIHKaMu. Bimomo Takox, mo mpu aediuuTi 3aiiza 30UIbIIyeThs
PHU3MK HAaKOITMYEHHS MAHTaHy B MO3KY [4].

bionoriuna nis maHrany oOyMoOBJeHAa MHOTo 3HaTHICTIO J0 YTBOPEHHS
KOMIUIEKCHUX CHOJYK 3 OKCUT€HBMICHHUMH, a TaKOX 3 HITPOI€HBMICHUMH
mirangamu (GepMeHTiB, BiTaMiHiB, ropMOHIB. Came TOMy BiH Ma€ BIUIUB Ha OOMiH
KUPIB, OUIKIB Ta BYTJIEBOJIIB, a IOTO HEJOCTATHS KUIbKICTh BUKIIUKAE BIIKIIATAHHS
KHUPY B OpPraHi3mi Ta MPHU3BOAMUTH J0 MATOJOTIYHOTO OXHUPIHHA. MaHraH TakoX
BIUTUBAE HA MiHEpPAJIbHUN OOMIH, OTO CIOJYKH JOMOMAraloTh 3aCBOEHHIO TaKUX
eJIeMEHTIB K  ¢ocdop, Hoa 1 Kaibliid, OepyTh ydacTb y CHHTE31 TOPMOHIB
murTonoaioHoi 3amo3u. CHoOMyKM MaHraHy B TMO€JHAHHI 3 COJSIMU Kynpymy
MIPUCKOPIOIOTH NPOLIECH KPOBOTBOPEHHS [1].

Jlo cknamy aieTMYHUX A00aBOK HaluacTille BXOAWTh MaHTraH y ¢opmi

nuTpary abo xenary.

1.3. ®i3uko-xiMi4Hi BJACTUBOCTI MAHTAH HUTPATY
Mounekynsapaa popmyna: Ci2Hi1oMn3O14

Manran nutpat yrBopioe kpucraioriapatu ckiaany Mn3(CsHsO7)2enH20, ne

n=9i10[7]:

0~ 0
,O ‘Mn
MY e R
0 D.M{B
OH O

0
Puc. 1. Manran uutpar y BUrisai kpucraioriapary ckiany Mns3(CeHsO7)22nH20

Mapran nurpar aekariipaT po3uuHHUAN y Boai [8].

Touka raBneHHs AekaripaTy Mapras uutpary ctanoButh 100-105 rpagycis.
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Mapran uurpaT nekariipaT - II¢ XeJaTHa MiHepaJibHa 100aBKa, siKa IIUPOKO
BUKOPUCTOBYETHCS B TPOMHUCIIOBOCTI I TOyBaHHS TBApHH 1 XapuyBaHHS JIOACH.
SBnsie co0010 KPUCTAIIYHUI MOPOILIOK, KU PO3YMHSIETHCS y BOJII 1 Ma€ CBITIIO-
PO>KEBHIA KOJIIP.
[inpHICTH MapraH HUTpATy JAeKariapaty ckiuanae 1,44 r/cm?.
Ile mopomiok 6e3 3amaxy Ta cMaky, SIKUW JIETKO BUKOPUCTOBYBAaTH Ta 30epirari.
Bin Heroprouuii 1 HETOKCHUYHUN, TOMY BIH O€3MEUHHMI AJii BUKOPUCTAHHS B
pizHOMaHITHUX cdepax 3actocyBaHHs. lle cralinbHa cmonyka, siKa MOXe
30epirarucsi TpUBAJIMK Yac HE BTPAYalOyu SIKOCTI.

Manran uuTpar AekariipaT BUKOPHUCTOBYETHCS B MPOMHCIOBOCTI KOPMIB
st Xyao0u 1 mruri. TakoX BiH BUKOPHUCTOBYETHCS SIK JII€TUYHA J0OOaBKa s
MIATPUMKH METa00III3My, 3J0POBUX KICTOK, a TakOX (PyHKIIT ()epMEHTIB, TaKOK
BUKOPUCTOBYEThCS Yy  (papMaleBTUYHIN  MPOMHUCIOBOCTI  SIK  KOMIIOHEHT

PI3HOMaHITHHUX JIKapChKUX 3aCO0i1B.

1.4. MeToau inenTndikanii Ta KiTbKiCHOr0o BU3HAYEHHs iOHIB MaHTaHY.

HNonu maHrany iIeHTH(IKYIOTh y pPO3YMHI 3a JOMOMOTOI0 HACTYIHUX
peaxitiii [9]:

1) Monu maHrany npu peaxuii 3 po3dyMHaMU JYTiB yTBOPIOIOTH 0caja O110r0
KOJIBOPY, KU Ha MOBITP1 Oypie uepe3 OKUCHEHHsI KUCHEM 3 TIOBITPA.

MnCl; + 2NaOH = Mn(OH); + 2NaCl

2Mn(OH), + O, = 2MnO(OH),
Olnmit TEMHO-KOPUIHEBHI
ocaj oca

2) Peakuiss 3 okucHMKaMu. MoOHM MaHraHy mnpu peakuii 3 OKHCHHUKaMU
((NH4)2S208, PbO2, NaBiO3) okucmomorhes 10 MnOs  3abapBiordn
PO3YMH y MaJIMHOBO-()10JIETOBUI KOJIp:

2Mn(NO3), + 5NaBiOs+ 14HNO3 = 2NaMnOs+ 5Bi(NOs); + 7H,0 + 3NaNO;
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2Mn(NO3)2 + 5(NH4)2S:08+ 8H2O = 2(NH4)MnOs + 4(NH4)2SO4 +6H2SO4 +
4HNOs

Peaxi1iito mpoBOJATh y TPUCYTHOCTI KaTaii3aTopa, B poJii SIKOTO BUCTYNAIOTh HOHU
Ag".
2Mn(NOs3)z + 5PbO; + 4HNO3; = 2HMnO4 + Pb(NOs), + 2H20

3) His cynedinis. Monu manrany mpu peaxuii 3 cyib(igaMu yTBOPIOIOTh 0Caj
TLJIECHOTO KOJBOPY:

Mn(NO:s); + NaS = MnS |+ 2NaNO3

4) His po3unny NHj3. Monu maHrany npu peakiii 3 pO3UMHOM aMOHIAKy
YTBOPIOIOTH 0Caj] O1JI0T0 KOJIBOPY.

MnCl; + 2NH3 +2H20 = Mn(OH): + 2NH4Cl

5) Tist po3umny [Ag(NH3):]Cl. Monu Mmanrany mnpu peakiii 3 pO34HHOM
[Ag(NH3)2]Cl nposBiIsSIFOTE BiTHOBHI BJIACTUBOCTI 3T1IHO PeaKIlii

MnSOs + 2[Ag(NH3)2]Cl + 2H20 = MnOa| + 2Ag] + 2NH4Cl + (NH4)2SO4

KinpkicHe BU3HAUY€HHS WOHIB MaHTaHy MOJKHa NPOBOJUTU HACTYIHUMHU
METO/IaMU:

['paBimerpuune BuzHaueHHs y BUDIIAAI MnS, Mn3O4, MnSOs, Mn2P207 Ta
THIINX CIOJYK, aJIe 11l METOJU 3aCTOCOBYIOTHCS JJOCUTH P1JIKO.

TurpumMeTpuyuHi METOIU aHAII3Y:

1)  KommiekcoHoMeTpuyHe THUTpYyBaHHs (3riiHO 3 E€BpOMEHCHKOIO
dbapmakomnieero) [10]. Jlo anamizoBaHoro pozuuny wmanrany (II) momorots
acKOpOIHOBY KHCIIOTY, aMOHIWHUN OydepHHMH PO3UMH, 1HAMKATOP XPOMOTEH
YOopHU Ta TUPYIOTh po3unHOM Komiuiekcony (III) (Tpumony Bb) mo 3minm
KOJbOPY 1HAUKaTopa 3 (i0JeTOBOTO Ha CUHIM.

2)  IlepmanraHaroMeTpu4He TUTPYBaHHS BiI0OYBAa€ThCS 3T1AHO peaKiii

3Mn**+ 2MnO4—+ 2H>0 = 5MnOx+ 4H",
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106 peakuist mpoTiKaia MOBHICTIO 10 PEAKLIMHOI CyMillll BBOJSTh
areTaTHUN OyQepHHil pO3UMH Ta Ta IIUHK OKCHJl. BU3HAYEHHIO MaHTaHy 1TUM
MeTo10M 3aBaxaroTh ioru Cr(I1I), Ni(IT), Co(I) u SO4*.

B inmomy BapiaHTi mnepMaHraHatomeTpii TUTpyrTh crnoxyku Mn(Il)
po3urHoM KMnO4 o Mn(Ill) B ¢ropunnomy cepenosuiii. Ilpu oMy KiHIEBY
TOYKY THUTPYBaHHS BHU3HA4YalOTh a00 MO TMOsBI 3a0apBlIEHHS BI3yalbHO, abo
(GbOTOMETPUYHO NMPU HAAJIUIIKY KaJlii IEpMaHTaHaTy.

3)  Metoa OpoMaToMeTpUYHOTO TUTPYBAHHS.

Jlsisg BU3HAUCHHS] MAHTaHy BUKOPUCTOBYIOTh HENPSIME TUTPYBAHHSI, B OCHOBI SIKOTO
JISKUTh YTBOPEHHS IOTAaHOPO3YMHHOTO OCaay MaHraHy OKCHUXIHOJIIHATy abo
MaHTaHy aHTpaliHATy, SKUH PO3YMHSIOTH y XJIOPHIHIA KHUCIOTI Ta TUTPYIOTb
PO3YMHOM KaJjiii OpoMary B MPUCYTHOCTI 1HIMKATOPa METHIIOBOTO YEPBOHOTO.

4)  Meroau, ski 3acHoBaHi Ha okumcHeHHI Mn(II) go Mn(VII) Ta
nopanpimomy BimHoBIeHHI Mn(VII) mo Mn(Il). Ilpu 11boMy BHKOPHCTOBYIOTHCS
PI3HI OKHMCHMKH, HANpUKIaJ aMOHIA mepcyibdaT, HaATpid BiCMyTaT, Kaii
nepiiogat. B gKocTl BIIHOBHUKIB BHKOPHCTOBYIOTH CYMIII HATpiii HITPUTY Ta
HaTpil apceHity abo HaTpiil Tiocyinbdary. KiHeub TUTpyBaHHS BCTAaHOBIIOETHCS
M0 3HUKHEHHIO PO’KEBOr0 3a0apBiIEHHS PO3UYMHY Ta MOK€ OyTH BCTAHOBJICHUU
dboToMeTpruHUM 200 MOTEHLIOMETPUIHUM METOOM.

5) Meroau, sxi 3acHoBaHi Ha okucHeHHI Mn(II) mo Mn(VII) Tta
nojansiioMy TutpyBanti Mn(VII) po3unHOM HaTpito apceHiTy abo pO3YMHOM COJIi
Mopa. B sKOCTI OKMCHUKAa BHUKOPUCTOBYIOTh, HANpUKIaJ, HATpid BICMYyTar.
[Tomuiika metony ckianae 0,2%.

6) Manenbki KkiIbkOCTI MaHrany (6 - 10 WMKr) BU3HAYaIOTh
MOTEHIIOMETPUYHUM TUTPYBaHHAM Hagiauiuky Tpunony b, skuil He BUTpaTuBCA
Ha peaxkiiro 3 Mn(II).

AMIIepOMETPUYHI METO/IH.
TurpyBanus Mn(VII) po3unnom cosi Mopa 6a3yerbest Ha okucHenHi Mn(II)

10 MnO4 Ta mojanpliuM HOTO TUTPYBAHHSM PO3YMHOM coyi Mopa mo ctpymy
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okucHenHs Fe(Il) mpu morenmiani + 1,0 3 miaTUHOBUM eneKTpoaoM. TUTpyBaHHS
MOXHAa TPOBOJUTH 3 OJHUM Ta 3 JIBOMa IHAMKATOPHUMH enekTpomamu. [lpu
BUKOPUCTAHHI JBOX €JEKTPOJIB TOYHICTh 1 YYTJIMBICTH BU3HAYEHHS 3HAYHO
3pocTae d4epe3 pizkoro meperu0y kpuBoi TuTpyBaHHsA. Lleit  meron
BUKOPHUCTOBYIOTH JJIsi BU3HaueHHS MaHrany B npucyTHocti HoniB Ni(Il), Co(Il),
Fe(IID).

AMIIEpOMETPUYHE TUTPYBAHHS MPOBOAATH TaKOXK PO3UYMHOM KOMILIeKcoHy 111
(EATA) 3 amMalbraMOBaHUM  CpPIOHUM €JIEKTPOJIOM, IUIATUHOBUM
MIKPOEJIEKTPOIOM, [BOMa IUIATHHOBHUMM MIKpPOEJIEKTpoiaMu abo PTYyTHUM
KparneJabHUM eJIeKTpooM. TUTPYIOTh Ha (JOHI PO3UMHY OKCANATy JIY>KHOTO METalTy
npu noteHmiani -1,75 B. MiniManbHa KIJIbKICTh BUSHAUEHHS MAHTaHy 3 MKI/JI.

doTOMETPUYHI METOH.

Busnauenns manrany 3a 3abapiieHHSM HoHy MnOs. OKHCHEHHSI MaHraHy
MPOBOJATH PO3YMHOM aMOHII0 Tepcyibdary 3a Temmeparypu KUIIHHS B
dbocharHo-HITpaTHOMY CEpeIOBHINI B MPHUCYTHOCTI KaTamizaTtopa. [lepmanranat-
HOH Mae JBa MakcHUMyMa IOTJIMHAHHS CBITJIa — mpu 525 HM Ta mpu 545 HM.
Busznauenns manrany B npucytHocTi HoHiB Ni(Il), Co(Il), Fe(Ill) mpoBoasTs mo
rpaayoBajgbHOMY Tpadiky, SIKU MOOYAOBaHUN Ui PO3YHUHIB, 11O IMITYIOTh CKJaja
JOCJIIDKYBAHUX PO3UHHIB.

B mpucyrtnocti Ti(IV) manran notpiono Busznadatu okucHenHsM Mn(Il) mo
Mn04 mepiiogaT-lOHOM, OCKUIBKM TPU BUKOPUCTaHHS aMOHIA mepcyibdary
3’SIBIISIETHCSL JKOBTE 3a0apBiIEHHS MEPOKCHIHOTO KOMIUIEKCY THTaHy. BimHocHa
nmoxubKa BU3HAUCHHS MaHTaHy He nepeBunrye 1%.

BusnauenHs maHrany mo 3a0apBiieHHIO MipogocaToMaHTaHATHOI KHUCIIOTH,
sKa YTBOPIOE€ThCA B mporeci okucHeHHS Mn(Il) po3umHom kamiro Opomary Ha
X0JI0/11 B ipucyTHOCTI mipodocdaTHoi kucnotr. MakcumaibHe CBITIOTOTIMHAHHS
crioctepiraerscs npu 520 HM.

Busnauenns wmanrany (II) 3a ioro peakiiero 3 ¢GopManbIOKCUMOM, B

pe3ybTaTi SIKOi YTBOPIOETHCS UYE€PBOHO-KOPUYHEBOTO KOMILUIEKC 3 MAaKCHUMYyMOM
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cBiTionornuHanHsa 455 HM. HenonikoM 1anoro MeToy € HeOOX1AHICTh BUIATICHHS

OKHCHHKIB 1 OpTaHIYHUX MOJIEKYJ B IOCJIIDKYBaHOMY po3unHi [11].

1.5. MeToa cnieKTpOo()OTOMETPUYIHOIO0 AHAJIZY.

CrnektpodoToMeTpUyHUN METO]] aHAI3Y (CIEKTPOo(oTOMETPis) - 11e Pi3UKO-
XIMIYHHMIA METOJI aHali3y, B OCHOBI SIKOTO JIGKUTh SIBUIE BUOIPKOBOTO MOTITMHAHHS
PEYOBHHOI0 MOHOXPOMATHYHOTO CBITJIa 3 TIEBHOIO JIOBKUHOIO XBUIi [12].

B nmanmomy Meroal MpOBOIUTHCS BUMIPIOBAHHS CIHEKTPIB TOTJIMHAHHS B
pI3HMX 00JIacTsIX CIEeKTpa, a came: iHppauepBona (0,75- 300 wmxkm),
ynbTpadioneroBa (10-380 um) ta Buguma (380-750 am). CriekTp MOTITMHAHHS — 1€
rpadiuHa 3aJeXHICTh BETUYMHU ONTHYHOI T'YCTHHU PO3YMHY Bif JOBXKHHH XBUIII.
KoxeH crnekrp Mae MakcuMalbHE 3HAY€HHS CBITJIONOTJIMHAHHS, 32 3HAYCHHSIM
SAKOTO MOJKHa BHU3HAYUTH, SIKI CaM€ PEYOBMHU 3HAXOJATHCS B PO3UHMHI, IO
JOCITIJIKY€ETHCS. CrnextpodoTomMeTpuaHmiA METO/T aHamizy MOXHa
BUKOPUCTOBYBATH JJIsl aHAJI3Y SIK OJHO-, TaK 1 0araTOKOMIIOHEHTHO1 cucTteMu. |
BU3HAYaTH MOXHA HE Juiie  3a0apBieH] CIONYKH, SKI XapaKTepU3YIOThCS
CBITJIONOTJIMHAHHAM Y BUAMMII 00JacTi CIEKTpPY, a TakoXk 1 6e30apBHI CIOIYKH,
SIK1 MalOTh 3JJaTHICTh MOTJIMHATHU CBITIIO B Y- abo [U- obnacTi criektpa.

CrnextpooToOMETpUYHI METOJIM aHaJi3y XapaKTePU3YIOThCS BHCOKOIO
YYTIUBICTIO Ta BUOIPKOBICTIO, TOMY JO03BOJISIIOTh BU3HAYaTH 3 JIOCUTH BEJIMKOIO
TOYHICTIO HAaBITh JYy>X€ Malll KUIBKOCTI pe4yoBHMH. Pi3HMMH croco0aMu MOXHA
NPOBOJAUTH  KUIbKICHE  BHM3HAU€HHS B CIEKTPOPOTOMETpii,  yacTimie
BUKOPUCTOBYIOTH TpadiyHUN METOJOM Ta MeToA J00aBoK. ONTUYHY TyCTUHY
JOCTIPKYBaHUX PO3YMHIB BUMIPIOIOTH Ha CHEKTPO(OTOMETpax MO BiJHOLIECHHIO
710 YHCTOTO PO3YMHHMKA a00 PO3UMHY IMOPIBHSHHS, SKUH HE MICTHTh PEUOBHUHY,
sKa BU3HauvaeThcs. ['padivyHa 3aJekKHICTh MK BEITUYMHOK ONTUYHOI TYCTHHH 1
KOHIIEHTPALIIEI0 PEYOBMHM, II0 BHU3HAUYAETHCS, MIIKOPSEThCA 3aKoHY byrepa —

Jlambepra —bepa, y BIANOBIIHOCTI 3 SKUM BEJIMYMHA ONTUYHOI T'YCTHMHU PO3UYHUHY
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(A abo D) 3HaxomuThcs y MpsMii 3aJIEKHOCTI BiJl KOHIEHTpAIli PEYOBHUHHU B

PO34YMHI Ta TOBIIMHU APy PO3UYHHY, IO TOTJIMHAE.

A=K C-l

A — BeNUYMHA ONTUYHOI I'yCTUHU

K — monsapHuil KoedilieHT norauHaHHs (KoeillieHT MpONnopLiiHOCTI);

C — KOHIICHTpAIlis PEYOBUHU y PO3UYUHI;

| — mmpuHa KroBeTH (TOBIMHA NOTJIMHAIOYOTO I1apy po3uuHy) [13].

Jlis Toro, mo0 BU3HAYUTH KOHLIEHTPAII0 PEYOBMHU B PO3UMHI, SKHMA
JOCJIIKYEThCS, HEOOX1JTHO BUKOHATU HACTYTIHE:

— NPUTOTYBATH CEPIil0 PO3UMHIB 3 BIAOMOI KOHUEHTPALIEIO AOCTIIKYBaHOI
PEUOBHHU — CEpisi CTAaHAAPTHUX PO3UHMHIB;

— TMPUTOTYBaTH PO3YMH TMOPIBHSIHHS, IO HE MICTHUTh PEYOBHUHY, sKa
BU3HAYAETHCS;

— OTpUMATH CIEKTpP MOTJIMHAHHA BHU3HAUYyBaHOI PEYOBHHM Ta BU3HAYUTHU
ONTUMAJIbHY JOBXHMHY XBWJIl [JJIs TOJAJbIIUX BHUMIPIOBaHb 1 MOOYAOBH
rpaayoBaibHOTO rpadika;

— BUMIPATH ONTUYHY TYCTHHY MPUTOTOBJICHOT CEpii CTAHIAPTHUX PO3UMHIB 1
noOylyBaTH TpaayroBalbHUN Tpadik, M0 SBJISE COO0I 3aJEKHICTH ONTUYHOT
T'YCTUHU PO3YUHIB BiJl KOHIIEHTpALlli B HUX BU3HAUYBAHO1 pEYOBUHH.

[Ticns oTpuMaHHs rpaaylOBaIbHOTO Tpadika BUMIPIOIOTh ONTUYHY T'YCTUHY
PO3YMHIB 3 HEBIJOMOIO KOHIEHTPALIEID Ta 3a TIPaayloBajJbHUM TIpadikoM

BU3HAYAIOTh KOHIICHTPAIlII0 PEUYOBHUHHU B JIOCII)KYBAaHOMY PO3UHHI.
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Po3pin 2. ExcniepuMeHTaIbHA YaCTHHA.

Bunyckna xBamigikauiiina podora (BKP) Buxonana 8 HMYVY imeni O.O.
Boromonbiis Ha kKadenpi aHaMITUYHOT, (P13UYHOT Ta KOJOIIHOT X1MIi.

2.1. Marepiajiu Ta MeTOM.
2.1.1. Meta gocaigxeHHs.

OnTumizanis METOJUKU KUIBKICHOTO BU3HAYEHHS CIOJYK MaHTraHy Yy

TIETUIHUX T0OABKAX METOJOM CIIEKTPO(POTOMETPUIHOTO aHAII3Y.

2.1.2. O0 exTH AOCHIIKEHHS.

O6’exTaMu JTOCHIPKEHHS METOJIUKU oOpanu nieTudHi n1o6aBku Mn-Zyme,
(BupoOHuk Biotics Research Corporation, CIIIA) Ta Manganese (BupoOHuk Pure
Encapsulations, CILIA). JlietnuyHi 700aBKU peani3yloThCs yepe3 Mepexy [HTepHer
B Ta0JIeTKAxX Ta Karcyjaax Ta MaroTh CKIA:

1) Mn-Zyme, (BupoOHuk Biotics Research Corporation, CIIIA). Ckuan:
ManraH (rirokoHat i murpar)— 10,0 Mr, 610JI0OTIYHO aKTHMBHA POCIMHHA KYJIbTypa
(crieniagbHO BHPOILEHAOIONOTIYHO AKTHBHA POCJIHMHHA KyJIbpypa, SIKa MICTHUTh
NPUPOAHUM YMHOM TMOB’sA3aH1 (DITOXIMIUHI PEYOBHHM, B TOMY YHUCII MOJI(PEHOIBHI
cnonyku 3 COJl 1 karanma3u, 3HEBOJHEHA NPHU HU3BKINA TemrepaTypl s
30epeKeHHs TMOB’s3aHUX 3 HEl (pepMeHTHUX (HaKTOpIB), LEII0I03a, CTEAPUHOBA
KHCIIOTa, Xap4yoBa ria3yp, MoAu(ikoBaHa [EN0I03Ha Kamenb [14].

2) Manganese (Aspartate/Citrate), Pure Encapsulations [15] Cknan: manran
(acmaprar 1 mutpar)— 8,0 MT, 1[EM0JI03a, BEereTapiaHchKka Karcyia (ILeTrsosa,

BOJIA).
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JocainxyBanuii 3pasok 1 Jlocpimicysanuii 3pasox 2
g il
N pure
™ Sl cncapsulations i i
Mn-Zyme : H
& Manganese
N @spartate/citrate) E ]
v r
BIOTICS RESEARCH1 Wy, Gluten-free, Non-GMO 9
“| &Hypoallergenic g;i
| Diet, nt J
\ ’ 00 TABLETS ’ |Hn Zroycil;zg:-i?e lm/

Puc. 2. 3pa3ku gieTnuHux 100aBOK, 10 MICTSTh MaHTaH IUTpPAT.

2.1.3. Ilocyn Ta 006.1aHAHHSA.
1. Miphuii nocyn (kiac Tounocti A) (Jlomatox 1).
2. Baru naboparopui Mettler Toledo XS204.
3. Cnektpodorometp Jenway 6305 (lomaTtok 3).
4. pH-merp (Jomatok 3).

2.1.4. PeakTuBH.

1. MaHnran uuTpar Jexarijpar, X.u.

2. Bona o4uieHa.

3. Po3unn popmansaeryay 40%

4. I'iapoxcunaMiHy XJIOpU

5. Po3uun Hatpiil rigpokcuay 1 Mosb/n

6. Crannapt tuTp Hatpiit eneraty 0,1 Mob/n

7. Metaninaukarop epioxpom dopHuit T
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8. AMOHII XJIOpH]T X.Y.
9. Po3zuun NH3 (mpubnuzso 30%)

10. Hatpiit xsopu KpUCTaIiqYHHMA.

2.1.5. IIpuroryBaHHs pO34UHIB

Bunpobysanuii po3yun TOTYIOTh HACTYITHUM YHWHOM: TOJIPIOHEHY TalIETKY
abo0 Karcyiy 3pas3ka MepeHocsTh y MipHY KoJi0y eMHicTio 100 M1, 300BTYHOTH 3 50-
60 M1 rapsA90i BOIU MPOTSITOM MPUOIH3HO 15 XB, 10/1aI0Th JTUCTHIHOBAHY BOJY 10
MITKM Ta CTapaHHO NepeMimyioTs. OTpuUMaHuil pPO3YUH (QUIBTPYIOTH Uepes
nanepoBuii GUIBTp, mpu uboMy rnepiri 10 Ma GirbTpaTy BIIKUAAIOTH.

Ipucomyeanns pozuuny gopmanvooxcumy (H:2CNOH).

Ha anamiTuuHux Tepes3ax 3BaXxyOTh 2 T TAPOKCUIAMIHY XJIOPHUAY, A0JAI0Th
1 ma BogHOTO po3unHy (opmansaeriny 40% - ro ta 50 Ma AHCTUILOBAHOI BOJH,
IHTEHCUBHO CTPYUIYIOTh IO PO3YMHEHHS T'IPOKCUIIAMIHY XJIOPUAY.

IIpuecomyesanns cmanoapmnozo posuuny Tpunony b (nampiu edemamy).

Bwmict amnynu ¢ikcanany (cTaHAapT TUTPY), IO Ma€ KOHIEHTPALIIO HATPii
exnerary | MOJb/A, KUIBKICHO MEPEHOCATh B MIpPHY KOJOy MICTKICTH 1 11 Ta
JOBOJISITH 10 MITKU JUCTUILOBAHOIO BOJIOI0, CTAPAHHO NEPEMILTYIOTh.

Posuun inoukamopa epioxpomy uopnozco T (npuzomyeanns,).

3BaxyloTh Ha jJabopatopHux Tepe3ax 0,5 r epioxpomy yopHoro T Ta 50 r
HATPIM XJIOPHAY KPHUCTAIIYHOTO Ta PO3THUPAIOTH cyMiul y ¢dapgopoBiii cTymi.
[lepeHocATH B OCY 3 TEMHUM CKJIOM.

Ilpuecomyearnns 6ygheproco po3uuny

20 T amoHil xyopuay po3uuHsOTh y 100 wMim  Boau, M0JAIOThH
KOHIIeHTpoBaHui po3unHH NHi; -100 mi, crapaHHO mnepemilyloTh 1 JOBOISTH
00’em po3unHy 10 1 11 gucTuiaboBaHOIO BoAor0. OTpuManuil po3uuH mae pH =

10,0.
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Cmanoapmuuii po34ur Man2an yumpamy ma cepisi CmaHOapmHux po3iunie
MAaH2aH Yyumpamy.

[[lo6 mpuroTyBaTH CTaHAAPTHUN PO3UYMH MAHTaH LUTPATy 3BAaXYIOTh Ha
aHaITUYHUX Tepe3ax 10 Mr KpucrajoripaTy MaHraH IUTpaTy, MEPEHOCATh Y
MipHy kKonOy Ha 100 mi, M0mar0Th IUCTUIBLOBAHY BOJY Ta IMEPEMINIYIOTH 10
PO3UYMHEHHS KpPHUCTAJIIB, JOBOAATH 0 MITKA JUCTHIHLOBAHOIO BOJOIO Ta 3HOBY
nepeMimyoTh. TOYHY KOHILEHTpAIl0 MaHraH LUTpaTry B PO3YMHI BH3HAYAIOThH
METOJIOM KOMILIEKCOHOMETPUYHOTO TUTPYBAHHS.

B npuroroBneHoOMy po3urHI KOHIIEHTpaIlis MaHraH HUTpary ctraHoBuTh 0,1
MT/MJI.

BuxopucroBytoun OTpUMaHM CTaHAAPTHOIO PO3YMHY TOTYIOTH CEpilo
pPO3UMHIB 3 KOHLEHTpauisMu Manran murpary 0,002mr- 0,020 mMr meroaom
PO3BEICHHS:

Tabaums 1. Cknapn cepii cTaHAAPTHUX PO3UMHIB MAHTaH IIUTPATY.

Ne 1 2 3 4 5 6 7 8 9 10
C,mr | 0,002 | 0,004 | 0,006 | 0,008 | 0,010 | 0,012 | 0,014 | 0,016 | 0,018 | 0,020

2.2. Metoauka cnekTpoGoTOMeTPHUYHOT 010 CITiIKEHH.

MipHOIO0 MINETKOI BIiAOMPAIOTh 5 MI PO3YMHY, L0 AOCHIIKYETbCA 1
MEPEHOCATh B MipHY KOJ0Y eMHicTIO 50 M1, 107a10Th 10 MJI BOJIM TUCTHIIHOBAHOI.
[Totim nomarote 1 M1 po3umHy GOpManbJAOKCHUMY Ta 3 MJI PO3YMHY HATpid
TiIpOKCUAY 3 KOHLEeHTpaimiero 1 monw/in. JloBomare 00'€eM po3duMHY 10 MITKH
JUCTUJILOBAHOIO BOJIOI0. [IpUroTOBIEHMI PO3UMH 3a0apBIIOETHCA y YEPBOHO-
KOpPUYHEBMI KoJIip. BUMIpIOIOTH ONTHYHY TYCTHUHY PO3YHHY NPHU JOBXKHHI XBHIII
455 um. Po3uMH TOpIBHSHHS —pO3YMH, SKHA HE MICTUTh PEYOBUHY, IO

JOCJTIJIKY€ETHCS.
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22

BU3HAYEHHSI ONTHMAJIbLHOI

AOBKUHHU XBHJII ClIEKTPO(POTOMETPHMYHUX BU3HAYCHD.

Jlis BU3HAUCHHS JOBXUHHM XBHIIL, TIPH SIKIA CHOCTEPIraeThCcsd MAaKCHUMAallbHE

CBITJIONOTJIMHAHHS CIOJMYKM MaHTaHy 3 (QOpMaibIOKCHUMOM, Ta TMpU SKIH

MMPOBOAUTUMYTHCS HO,HaHBHIi BHU3HAYCHHA, BUKOPUCTOBYBAJIA HpI/II‘OTOBHeHI/Iﬁ

crannapTHUil po3unH Ne 5 3 koHueHTparieto HoHiB Manrany 0,01 mr 1 npoBoguIH

BUMIPIOBaHHS MOro ONTUYHOI TyCTMHHM Mpu AoBXkuHaX XBuib 400-480 HM.

Busnaunnm ontuMaibHy JOBKUHY XBHII A, IO BIANOBI1a€ MAaKCUMYMY Ha CIIEKTPI

MOTJIMHAHHS ~ CHEKTPO(OTOMETPUYHOTO  JOCTIIKEHHS.
BU3HAYEHb HaBeneHo y Tabmuii 2 ta Puc.3:

Tabnuus 2. [TobynoBa criekTpa MoTJIMHAHHS

OTpumani pe3yJibTaTH

JloBxxuHa

XBUML A, | 400 | 420 | 430 | 440 | 445 | 450 | 455 | 460 | 465 | 470 | 480
HM

OnrnyHa

rycTHHA | 011 | 0,14 | 0,15 | 0,21 | 0,31 | 0,40 | 0,50 | 0,44 | 0,36 | 0,24 | 0,12

A
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Puc.3. CnexkTp noriauHaHHs CHOJIYKH MaHraHy 3 (popMaibJOKCUMOM

OTxe, MAaKCUMyM CBITJIOTIOTJIMHAHHS CIIOCTEPIra€ThCs MPH JOBXKUHI XBUII

Amax = 455 HM.

3.2. IlodymoBa rpaaywoBajabHOro rpagika. IlepeBipka mMeroamkm Ha
JIHIAHICTD.

[[{o6 mobynyBaTu rpaayroBaibHul rpadik 3aJeKHOCTI ONTHYHOI TYCTHHH A
BiJl KOHIIEHTpAaLlli HOHIB MaHTaHy BUMIPIOBAJIN ONTUYHY I'YCTUHY po3unHiB Ne 1-10
cepil cTaHAapTHUX PO3YMHIB BIAMOBITHO 0 METOAUKH, sIKa HaBeneHay m. 2.2. 3a
pe3ysbTaTaMy, OTPUMaHUMU MiJl Yac BUMIPIOBaHb, OyayBaiu rpadik 3a1ekKHOCTI
ONTUYHOI TYCTMHM A BiJ KOHUEHTpalli MaHTaHy LUTPaTy B CTaHAapTHHUX

po3unnax C. Pesynbratu BuMiptoBanb HaBeneHo y Ta0Omumi 3 ta Ha Puc. 4:
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Tabnuus 3. 3a1eKHICTh BEIMUUHUA ONITUYHOI TYCTUHU A Bl KOHIIEHTpAIIii

HOHIB MaHTaHy, MT.

Ne

PO3YHHY

C, mr 0,002 | 0,004 | 0,006 | 0,008 | 0,010 | 0,012 | 0,014 | 0,016 | 0,018 | 0,020

OnrtuyHa
ryctuHa, | 0,1 02 1| 03 {039 0,5010,59]|0,69|0,78 | 0,86 | 0,94
A

._.
(3

y=47,182x+ 0,016
R?=0,9986

—

=
)

OnTuyHa ryctuHa A
o o
= (=)}

=
to

0 0,005 0,01 0,015 0,02 0,025
Konunenrpanisi, Mr

Puc 4. I'panyroBanbamii rpadix

[lepeBipuiu METOIUKY Ha JIHIAHICTb.

Maemo ¢ynkuito miHiHOT perpecii y = 47,182-x + 0,016 (xoedimient
xopensnii R? = 0,9986).

Po3paxyemo crammapTHi BIOXWICHHS Ta JOBIpYi IHTEpBaIU IS
Koe(ilieHTIB JIHIHHOT perpecii a Ta b. Y AaHOMY BUNAAKy NPUHMaEMO 3arajbHUN
BULIISL (DyHKIIT TiHIAHOT perpecii sk ¥V = b - x + a.

B (y—v)®

v

=0,000129

s =
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sz mse - (,3898

TS, (T, )

Sa ="M X = 6,003-107

sp = /s2=0,6243
Sq = /32 =0,007748

OTxe, cTaHAapTHE BiAXWUJIEHHS Ui KoediieHTa a Mae 3HaueHHs 0,007748
st kKoedimienta b — 0,6243.

Jlis po3paxyHKy JOBIPUOTO 1HTEpBANy BHIIMCYEMO 3HAUYEHHS KoedilieHTa
CrprozenTa npu JoBipuidd iimoBipHocTi P = 0,95 ta crynensx cBoboau U = 8 —
£(0,95,8)=2,3060.

Po3paxoByemMo 3HaY€HHS IOBIPUOTO IHTEPBAY JIJIsl KOe(IIiEHTa a:

a+s,-t(0,958)=0,016+0,018

Ta nns xoedimienra b:

b + s, - 1(0,95,8) = 47,182 + 1,440

MoxemMo 3poOWTHM BHCHOBOK, M0 METOAMKA JIHIHA B 00JacTi
KOHIICHTpAIlii, siKi OyJIM B3STI IJIs aHAJI3Y Ta MIANOPSIKOBYEThCS 3aK0HY byrepa-

Jlambepra-bepa.

3.3. KiabKicHe BU3HAYECHHSI MAHT'aH HUTPATY Yy Ai€ETHYHHUX 100aBKaX.
YacTkoBa Bajgigauis MeToay.

[[fo6 pe3ynbratu BU3HA4YEHb OYyJM HAIIWHUMU Ta TOYHHMH, HEOOXiTHO
3MIMCHUTH BaifaIlil0 METOJIWKH KUIBKICHOTO BU3HAYEHHS MaHTaH IUTpaTy B

nieTHyHuX qob6askax [16, 17].

3.3.1. [lepeBipka MeTOAMKHN Ha CHIeHUPIYHICTD.
Meroauka KUTBKICHOTO BHW3HAYeHHS MaHTaH IUTpary amnpoOoBaHa Ha

TIETUYHUX J00aBKax, SKi, KpIM CaMOTO MaHTaH LMTPATy, MICTITh JOMOMDKHI
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PEUOBUHH, 1, BIAMOBIAHO 10 OTPUMAHUX PE3YJIbTATIB JOCHIIKEHHS, KUIBKICTH
JiI0Y0i PEYOBUHM BIJIMOBiJa€ BKa3aHIM B IHCTPYKIII A0 3acTtocyBaHHs. OTXe,
anpoOoBaHa HAMU METOAUKA MOXKE BBXKATUCS CHEIU(DIUYHOIO.

Pe3ynpTaT KUTbKICHOTO BU3HAUEHHS] MAHTaH LUTPATy Y 3pa3Kax JIETHYHUX

n00aBOK, sIK1 MM JTOCHTIIKyBaliu, HaBeaeH1 y Tabmusx 4 ta 5.

3.3.2. Ouinka npeuusiifHOCTI Ta podaCHOCTI.

PobGachicth MeTOAMKH, TOOTO HAAINMHICTh pE3yNbTATIB MPU HE3HAYHHUX
3MIHaX YMOB BHUKOHAHHS aHali3y, OLIHIOBAIM II€ OpH il po3polIl, KOIH
BCTAHOBJIIOBAJIM CTAaOUIBHICTH PO3YMHIB B daci. BcTaHOBIIEHO, IO PO3YMH
dbopManbIOKCUMY NpU KIMHATHIA TeMmepaTypl MOCTYIOBO IEPETBOPIOETHCA B
MoJIIMEP, TOMY HOTO MOTPIOHO TOTYyBaTH OE3MOCEPENHbO TEpe] BUKOPUCTAHHSIM.
Ouinky poOacHOCTI 3IHCHIOBAJIM TaKOX, MPOBOJISYM y PI3HI JIHI aHaji3
JOCIIPKYBaHUX 3pa3KkiB. Pe3ynbratu, oTpuMaHi pu 1boMy, HaBeseHi B TaOmuIpsix
4T1as.

[Tpenu3iiiHICTIO METOAWKU Ha3WBaIOTh 1€ OJMU3BKICTh (a00 pPO3OIKHICTH)
pe3yabTaTiB, OTPUMAHUX, BIAMOBIAHO 10 AaHOI METOJMKH, JJis cepli BU3HAUYEHb
OJIHOTO 3pa3ka Ha pi3Hux mpobax [18]. Bona cnpuuuHIOETHCS BUIMATKOBUMU
noxubkamMu. MM BH3HAYalIM y HAIIOMY JOCTIPKEHHI NPEUu3iiHICTh Ha pIBHI
301KHOCTI. JIJI1 HbOTO 3BaXKYBaJIM TPU HABAXKKH 1 TOTYBaJH, BIAMOBIIHO, TaKy X
KUIBKICTh PO3YMHIB, M KOKHOTO TPUYl BHUMIPIOBAJIM ONTHUYHY TYCTHHY Ta

PO3paxoByBaJld BMICT HOHIB MaHTaHy B JIOCII)KYBAaHUX 3pa3Kax.
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Tabnuus 5. Pe3ynapTaTu KUIBKICHOTO BU3HAYCHHSI WOHIB MaHTaHy y 3pa3Ky

Ne npo6u 3pasok 1, 3HaiineHo Mn?* y nieTuuHiii 706aBIIi, BpaxoByIOUU
p P y p y
PO3BENICHHSI, MT
Henn 1 Jenn 2
1 9,91 9,98
2 9,96 9,98
3 10,03 9,96
4 9,97 10,03
5 10,04 9,98
CepeHe 3HAUEHHS, 9,98 9,99
CranpaptHe 0,0536 0,0261
BIIXHWJICHHS, S
Jucnepcis, s> 0,00287 0,000680
Bignocue 0,54 0,26
CTaHJapTHE
BigxuieHHs, %
JloBipuuii iHTEpBaI 9,98 + 0,066 9,99 + 0,032
BigHocHa nmoxuOka 0,67 0,32
CEPEIHBOTO
3HauYCHHS, %

3pa3ok 1 mictuts 10 Mr iOHIB MaHraHy 3a IHCTPYKIIIEIO 70 3aCTOCYBAaHHS
Binnocue crangaptae BigxwmieHHs: RSD - ctyminb po3kuay pe3ynbrartis
BIJIHOCHO CEPEIHHOTO 3HAUYCHHS 00YUCITIOEMO 32 (POPMYIIOI0

RSD = s, - 100%,
Sy = E_, 7ie s — CTaHJlapTHE BIAXUJICHHS

RSD (nenb 1) =0,54%

RSD (menn 2) =0,26%
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Po3paxoByemo qucniepcito 3a GopMysor

n
2 _ Zizl[xt—x_)z
5T ==
1e, X — CepellHe 3HAUCeHHs, X; — BCl 3HAUCHHS BUOIPKH, U — YHUCIIO CTYTICHIB
cB000M, 1 — 00CAT BUOIPKH.

s% (nens 1) =0,00287
s? (mens 2) = 0,000680

Po3paxoByemMo Takox JOBIpUYUil IHTEPBAI

ik

fitp}v :}fiﬂ.j,

=

v

tp, — xoepiumient Crbrojenra, n — 00car BUOIPKM, S — CTaHIApTHE
BIIXWJICHHS, A ; — HaMIBIIUPHUHA JIOBIPYOTO 1HTEPBATY.

Burnsn noBipuoro iHTepBaiy:

X + Az (ness 1)= (9,98 £0,066)
X + A (nens 2) = (9,99 £0,032)

Hiiicue 3nHaueHHs BMmicTy (10 Mr) motpamisie y TOBIpYMN IHTEpBAJ, TOMY
pE3yJIbTaT MOKHA BBAXKATH MPABUILHUMU.

BignocHa moxubka cepeHhOro 3HAYCHHS Ma€ 3HAYCHHS

- 100%

- Ax
E=—
X

€ (menpb 1) =0,67%

€ (menn 2) =0,32%
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Tabnuus 5. Pe3ynbTaTu KUIbKICHOTO BU3HAYEHHS HOHIB MaHTaHy y 3pa3Ky

2.
Ne npo6u 3pasok 2, 3HaiineHo Mn?* y nieTuyHiii 706aBIIi, BpaxoByIOUU
p p y p y
PO3BEACHHS, M
Henn 1 Jens 2
1 8,01 7,98
2 8,01 7,99
3 7,98 7,98
4 7,96 8,02
5 7,96 7,96
CepeiHE 3HAUECHHS, 7,98 7,99
CranpaptHe 0,0251 0,0219
BIIXHWJICHHS, S
Jucnepcis, s> 0,00063 0,00048
Bignocue 0,31 0,27
CTaH/IapTHE
BigxuieHHs, %
JloBipuuii iHTEpBaI 7,98 £ 0,031 7,99 + 0,027
BignocHa nmoxuOxa 0,39 0,34
CEPEIHLOTO
3HauYCHHS, %

3riIHO THCTPYKIIiT IO 3aCTOCYBaHHS 3pa30K 2 MICTUTh & MT.
JlificHe 3HaueHHs BMICTY (8 Mr) moTparuisie y OOBIpYMiM 1HTEpBajl, TOMY

PE3YyJIbTaTU MOJKHA BBAKATHU ITPABUIILHUMMU.

3.3.3. IIlpaBUJIBHICTD.

[IpaBunbHICTE — XapakTEpPUCTHKA CTYHEHS OJIM3BKOCTI CEPeAHbOrO
3HAa4YEHHS, SIKe OTPUMAaHE 3 BEJIMKOI cepii pe3yJsbTaTiB BUMIPIOBAHb, A0 ICTUHHOTO
3HAYEHHS BEJIUYMHU, SIKa BUMIPIOEThCA. [IoKa3HMKOM MpaBMIIBHOCTI € 3HAYEHHS

cucteMatuyHoi moxubku [19]. ¥V Bunaaky AochipkeHHs, MPOBEJECHOTO HAMH, MU




30

MOPIBHIOBAIM PE3yJIbTaTH, OTPUMAaHI MPH CHEKTPO(POTOMETPUYHOMY BU3HAUCHHI
BMICTY CHIOJIyK MaHTaHy B 3pa3Kax, 10 JOCTIKYIOThCS 3 HOTO BMICTOM, BITOMUM
3 THCTPYKIIi JUJIs 3acTOCyBaHHs. J[0 TOTO K, OIIHUBIIM MPENU3IAHICTD, JTIHIHHICTS,
poOacHicTh Ta crneuudivyHICTh, POOMMO BHUCHOBOK MPO MPABUIIBHICTH METOJIUKH

CHEKTPO(HOTOMETPUYHOTO BUSHAUCHHS CIIOJIYK MaHTaHy B JIIETUYHUX T0OABKAX.
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BUCHOBKHA

- 3nificHeHO aHa}i3 JITepaTypHUX JaHUX 1070 (I3UKO-XIMIYHHX —Ta
(apMaKoJIOTIUHUX BIACTUBOCTEH CHOJIYK MaHTaHy, iX POJii JJs OpraHi3mMy
JIFOJIUHH.

- [IpoBeneHo aHami3 BIIOMUX METOAUK 1AeHTH(}IKAIT Ta KUIBKICHOTO
BU3HAYEHHS CIIOJIYK MaHTaHY.

- Ha ocHOBI mpoBeeHuX AOCTIHPKEHb ONTHUMI30BaHA METOJHKA KUIbKICHOTO
BU3HAYCHHS CIOJTYK MaHTaHy y JIETUIHUX Jo0aBKax
CIIEKTPO(HOTOMETPUYHUM METOJIOM aHAII3Y.

- 311ICHEHO YaCTKOBY OIIHKY BaJTiIallIHHAX XapaKTEPUCTUK TAHOT METOAUKH
KUTBKICHOTO BH3HAQYEHHS CIIOJIyK MaHTaHy Yy MJIETUYHUX Jo0aBKax

CHEKTPO(POTOMETPUIHUM METOIOM aHaJI3Yy.
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Manganese gluconate

EUROPEAN PHARMACOPOEIA 8.0

Sulfur dioxide (2.5.29): maximum 20 ppm.
Heavy metals (2.4.8): maximum 10 ppm.
Dilute 4 mL of solution S to 30 mL with water R. The solution

complies with test E. Prepare the reference solution using
10 mL of lead standard solution (1 ppm Pb) R.

Loss on drying (2.2.32): maximum 6.0 per cent, determined
on 10.00 g by drying in an oven at 105 °C.

Sulfated ash (2.4.14): maximum 0.5 per cent, determined on
10g.

Dextrose equivalent (DE): within 2 DE units of the nominal
value.

Weigh an amount of the substance to be examined equivalent
to 2.85-3.15 g of reducing carbohydrates, calculated as
dextrose equivalent, into a 500 mL volumetric flask. Dissolve
in water R and dilute to 500.0 mL with the same solvent.
Transfer the solution to a 50 mL burette.

Pipette 25.0 mL of cupri-tartaric solution R into a 250 mL
flask and add 18.5 mL of the test solution from the burette,
mix and add a few glass beads. Place the flask on a hot plate,
previously adjusted so that the solution begins to boil within
2 min + 15 s. Allow to boil for exactly 1205, add 1 mL of a

1 g/L solution of methylene blue R and titrate with the test
solution (V) until the blue colour disappears. Maintain the
solution at boiling throughout the titration.

Standardise the cupri-tartaric solution using a 6.00 g/L
solution of glucose R (V).

Calculate the dextrose equivalent using the following
expression:

300 x Vo x 100

VixMxD
Vy = total volume of glucose standard solution, in
millilitres;
v, = total volume of test solution, in millilitres;
M = sample mass, in grams;
D = percentage content of dry matter in the substance.

Microbial contamination

TAMC: acceptance criterion 10° CFU/g (2.6.12).
TYMC: acceptance criterion 10* CFU/g (2.6.12).
Absence of Escherichia coli (2.6.13).

Absence of Salmonella (2.6.13).

LABELLING

The label states the dextrose equivalent (DE) (= nominal
value).

FUNCTIONALITY-RELATED CHARACTERISTICS

This section provides information on characteristics that are
recognised as being relevant control parameters for one or
more functions of the substance when used as an excipient (see
chapter 5.15). This section is a non-mandatory part of the
monograph and it is not necessary to verify the characteristics
to demonstrate compliance. Control of these characteristics can
however contribute to the quality of a medicinal product by
improving the consistency of the manufacturing process and
the performance of the medicinal product during use. Where
control methods are cited, they are recognised as being suitable
for the purpose, but other methods can also be used. Wherever
results for a particular characteristic are reported, the control
method must be indicated.

The following characteristics may be relevant for maltodextrin
used as filler and binder in tablets and capsules.

Dextrose equivalent (see Tests).
Particle-size distribution (2.9.31 or 2.9.38).
Powder flow (2.9.36).

04/2008:2162
MANGANESE GLUCONATE
Mangani gluconas

HO H CO.
HoX - OH
Mn2* | HO =
<4
HO H
HO 2

. xHQ

C;,H;;MnO,,,xH,0 M, 445.2 (anhydrous substance)

DEFINITION
Anhydrous or hydrated manganese(IT) D-gluconate.
Content: 98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance: white or pale pink, slightly hygroscopic,
crystalline powder.

Solubility: soluble in water, practically insoluble in anhydrous
ethanol, insoluble in methylene chloride.

IDENTIFICATION
A. Thin-layer chromatography (2.2.27).

Test solution. Dissolve 20 mg of the substance to be
examined in 1 mL of water R.

Reference solution. Dissolve 20 mg of calcium gluconate CRS
in 1 mL of water R, heating if necessary in a water-bath
at 60 °C.

Plate: TLC silica gel plate R (5-40 um) [or TLC silica gel
plate R (2-10 um)].

Mobile phase: concentrated ammonia R, ethyl acetate R,
water R, ethanol (96 per cent) R (10:10:30:50 V/V/V/V).
Application: 1 pL.

Development: over 3/4 of the plate.

Drying: at 100-105 °C for 20 min, then allow to cool to
room temperature.

Detection: spray with a solution containing 25 g/L of
ammonium molybdate R and 10 g/L of cerium sulfate R
in dilute sulfuric acid R, and heat at 100-105 °C for about
10 min.

Results: the principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size
to the principal spot in the chromatogram obtained with
the reference solution.

B. Dissolve 50 mg in 5 mL of water R. Add 0.5 mL of
ammonium sulfide solution R. A pale pink precipitate is
formed that dissolves upon the addition of 1 mL of glacial
acetic acid R.

TESTS

Solution S. Dissolve 1.0 g in water R and dilute to 50 mL with
the same solvent.

Appearance of solution. Solution S is not more opalescent
than reference suspension II (2.2.1) and not more intensely
coloured than intensity 6 of the range of reference solutions of
the most appropriate colour (2.2.2, Method IT).

Sucrose and reducing sugars. Dissolve 0.5 g in a mixture of
2 mL of hydrochloric acid R1 and 10 mL of water R. Boil for

5 min, allow to cool, add 10 mL of sodium carbonate solution R
and allow to stand for 10 min. Dilute to 25 mL with water R
and filter. To 5 mL of the filtrate add 2 mL of cupri-tartaric
solution R and boil for 1 min. Allow to stand for 2 min. No
red precipitate is formed.

Chlorides (2.4.4): maximum 500 ppm.
Dilute 5 mL of solution S to 15 mL with water R.

2690

See the information section on general monographs (cover pages)
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EUROPEAN PHARMACOPOEIA 8.0

Manganese sulfate monohydrate

Sulfates (2.4.13): maximum 500 ppm.

Dissolve 2.0 g in a mixture of 10 mL of acetic acid R and 90 mL
of distilled water R.

Zinc: maximum 50 ppm.

To 10 mL of solution S add 1 mL of sulfuric acid R and

0.1 mL of potassium ferrocyanide solution R. After 30 s, any
opalescence in the solution is not more intense than that

in a mixture of 1.0 mL of zinc standard solution (10 ppm

Zn) R, 9 mL of water R, 1 mL of sulfuric acid R and 0.1 mL of
potassium ferrocyanide solution R.

Heavy metals (2.4.8): maximum 10 ppm.

Dissolve 2.0 g in 20 mL of water R, heating in a water-bath at
60 °C. 12 mL of the solution complies with test A. Prepare the
reference solution using lead standard solution (1 ppm Pb) R.

Water (2.5.32): maximum 9.0 per cent, determined on 80 mg.
Microbial contamination. Total viable aerobic count (2.6.12)
not more than 10° micro-organisms per gram, determined

by plate count.

ASSAY

Dissolve 0.400 g in 50 mL of water R. Add 10 mg of ascorbic
acid R, 20 mL of ammonium chloride buffer solution pH 10.0 R
and 0.2 mL of a 2 g/L solution of mordant black 11 R in
triethanolamine R. Titrate with 0.1 M sodium edetate until the
colour changes from violet to pure blue.

1 mL of 0.1 M sodium edetate is equivalent to 44.52 mg

of C,H,,MnO,,.

STORAGE

In a non-metallic, airtight container.
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MANGANESE GLYCEROPHOSPHATE,
HYDRATED

Mangani glycerophosphas hydricus

H OH o
~. o o/
Mn2* KQ/O‘P’—O' + Mn? Ho/j/ Re
OH o HO °
and enantiomer , ¥ H0O , xH;0
C,H,MnO,PxH,0 M, 225.0 (anhydrous substance)
DEFINITION

Mixture of variable proportions of hydrated manganese(II)
(2RS)-2,3-dihydroxypropyl phosphate and hydrated
manganese(II) 2-hydroxy-1-(hydroxymethyl)ethyl phosphate.
Content: 97.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance : white or pale pink, hygroscopic powder.

Solubility: practically insoluble in water and in ethanol (96 per
cent). It is freely soluble in dilute mineral acids.

IDENTIFICATION

A. Mix 1 g with 1 g of potassium hydrogen sulfate R in a
test tube fitted with a delivery tube. Heat strongly and
direct the white vapour towards a piece of filter paper
impregnated with a freshly prepared 10 g/L solution of
sodium nitroprusside R. The filter paper develops a blue
colour in contact with piperidine R.

B. Disperse 50 mgin 5 mL of water R. Add 0.5 mL of
ammonium sulfide solution R. A pale pink precipitate is
formed that dissolves on the addition of 1 mL of acetic
acid R.

C. Ignite 0.1 g in a crucible. Take up the residue with 5 mL of
nitric acid R and heat on a water-bath for 1 min. Filter. The
filtrate gives reaction (b) of phosphates (2.3.1).

TESTS

Solution §. Dissolve 5.0 g in 20 mL of dilute hydrochloric
acid R. Filter if necessary. Add dilute ammonia R1 until a
precipitate is formed. Dissolve the precipitate by adding the
minimum quantity needed of dilute hydrochloric acid R and
dilute to 100 mL with distilled water R.

Glycerol and ethanol (96 per cent)-soluble substances:
maximum 1.0 per cent.

Shake 1.00 g with 25 mL of ethanol (96 per cent) R for 1 min.
Filter. Evaporate the filtrate to dryness on a water-bath

and dry the residue at 70 °C for 1 h. The residue weighs a
maximum of 10 mg.

Chlorides (2.4.4): maximum 0.15 per cent.

Dissolve 0.22 g in a mixture of 1 mL of nitric acid R and 10 mL
of water R and dilute to 100 mL with water R.

Phosphates (2.4.11): maximum 0.3 per cent.

Dilute 1.0 mL of solution S to 100.0 mL with water R. To
10 mL of this solution add 140 mL of water R.

Sulfates (2.4.13): maximum 0.2 per cent.

Dilute 5 mL of solution § to 50 mL with distilled water R.
Iron (2.4.9): maximum 50 ppm.

Dilute 4 mL of solution S to 10 mL with water R.

Heavy metals (2.4.8): maximum 20 ppm.

12 mL of solution S complies with test A. Prepare the reference
solution using lead standard solution (1 ppm Pb) R.

Loss on drying (2.2.32): maximum 12.0 per cent, determined
on 1.000 g by drying in an oven at 105 °C for 4 h.
ASSAY

To 0.200 g add 1.5 mL of I M hydrochloric acid, 50 mL of
water R, 10 mg of ascorbic acid R and 20 mL of ammonium
chloride buffer solution pH 10.0 R. Stir until dissolution.
Immediately add 0.3 mL of a 2 g/L solution of mordant black
11 R in triethanolamine R and titrate with 0.1 M sodium
edetate until the colour changes from violet to pure blue.

1 mL of 0.1 M sodium edetate is equivalent to 22.50 mg
of C;H,MnOP.

STORAGE
In an airtight container.
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MANGANESE SULFATE
MONOHYDRATE

Mangani sulfas monohydricus
MnSO,H,0
[10034-96-5]
DEFINITION
Content : 99.0 per cent to 101.0 per cent (ignited substance).

CHARACTERS
Appearance: pale pink crystalline powder, slightly hygroscopic.

M, 169.0

Solubility: freely soluble in water, practically insoluble in
ethanol (96 per cent).

IDENTIFICATION
A. Solution $ (see Tests) gives reaction (a) of sulfates (2.3.1).

General Notices (1) apply to all monographs and other texts
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B. Dissolve 50 mg in 5 mL of water R. Add 0.5 mL of
ammonium sulfide solution R. A pale pink precipitate
is formed which dissolves on the addition of 1 mL of
anhydrous acetic acid R.

C. Loss on ignition (see Tests).

TESTS

Solution S. Dissolve 10.0 g in distilled water R and dilute to
100 mL with the same solvent.

Appearance of solution. Solution S is not more opalescent
than reference suspension II (2.2.1).

Chlorides (2.4.4): maximum 100 ppm.

Dilute 5 mL of solution § to 15 mL with water R.

Iron (2.4.9): maximum 10 ppm, determined on solution S.
Zinc: maximum 50 ppm.

To 10 mL of solution S add 1 mL of sulfuric acid R and

0.1 mL of potassium ferrocyanide solution R. After 30 s, any
opalescence in the solution is not more intense than that in a
mixture of 5 mL of zinc standard solution (10 ppm Zn) R, 5 mL
of water R, 1 mL of sulfuric acid R and 0.1 mL of potassium
ferrocyanide solution R.

Heavy metals (2.4.8): maximum 20 ppm.
12 mL of solution S complies with test A. Prepare the reference
solution using lead standard solution (2 ppm Pb) R.

Loss on ignition: 10.0 per cent to 12.0 per cent, determined
on 1.00 gat 500 £ 50 °C.

ASSAY

Dissolve 0.150 g in 50 mL of water R. Add 10 mg of ascorbic
acid R, 20 mL of ammonium chloride buffer solution pH 10.0 R
and 0.2 mL of a 2 g/L solution of mordant black 11 R in
triethanolamine R. Titrate with 0.1 M sodium edetate until the
colour changes from violet to pure blue.

1 mL of 0.1 M sodium edetate is equivalent to 15.10 mg

of MnSO,.

01/2014:0559
MANNITOL®
Mannitolum
C.H,,0, M, 182.2
[69-65-8]
DEFINITION
D-Mannitol.

Content: 97.0 per cent to 102.0 per cent (anhydrous substance).

*CHARACTERS
Appearance: white or almost white crystals or powder.

Solubility: freely soluble in water, practically insoluble in
ethanol (96 per cent).

It shows polymorphism (5.9).+

IDENTIFICATION
First identification: C.
0Second identification: A, B, D.

A. Specific optical rotation (2.2.7): + 23 to + 25 (anhydrous
substance).

Dissolve 2.00 g of the substance to be examined and 2.6 g of

disodium tetraborate R in about 20 mL of water R at 30 °C;

shake continuously for 15-30 min without further heating.

Dilute the resulting clear solution to 25.0 mL with water R.
B. Melting point (see Tests).0

C. Infrared absorption spectrophotometry (2.2.24).

Comparison: mannitol CRS.
If the spectra obtained in the solid state show differences,
dissolve separately in 2 glass vials 25 mg of the substance
to be examined and 25 mg of the reference substance in
0.25 mL of distilled water R without heating. The solutions
obtained are clear. Evaporate to dryness by heating in
a microwave oven with a power range of 600-700 W
for 20 min or by heating in an oven at 100 °Cfor 1 h
then gradually applying vacuum until a dry residue is
obtained. Non-sticky, white or slightly yellowish powders
are obtained. Record new spectra using the residues.

OD. Thin-layer chromatography (2.2.27).
Test solution. Dissolve 25 mg of the substance to be
examined in water R and dilute to 10 mL with the same
solvent.

Reference solution (a). Dissolve 25 mg of mannitol CRS in
water R and dilute to 10 mL with the same solvent.
Reference solution (b). Dissolve 25 mg of mannitol R and
25 mg of sorbitol R in water R and dilute to 10 mL with
the same solvent.

Plate: TLC silica gel plate R.

Mobile phase: water R, ethyl acetate R, propanol R
(10:20:70 V/V/V).

Application: 2 uL.

Development: over 2/3 of the plate.

Drying: in air.

Detection: spray with 4-aminobenzoic acid solution R and
dry in a current of cold air until the acetone is removed;
heat at 100 °C for 15 min, allow to cool then spray with a
2 g/L solution of sodium periodate R; dry in a current of
cold air and heat at 100 °C for 15 min.

System suitability: reference solution (b):

- the chromatogram shows 2 clearly separated spots.
Results: the principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size
to the principal spot in the chromatogram obtained with
reference solution (a).¢

TESTS

Appearance of solution. The solution is clear (2.2.1) and
colourless (2.2.2, Method IT).

Dissolve 5.0 g in water R and dilute to 50 mL with the same
solvent.

1

Conductivity (2.2.38): maximum 20 pS-em™'.
Dissolve 20.0 g in carbon dioxide-free water R prepared from
distilled water R by heating at 40-50 °C and dilute to 100.0 mL
with the same solvent. After cooling, measure the conductivity
of the solution while gently stirring with a magnetic stirrer.

Melting point (2.2.14): 165 °C to 170 °C.

Reducing sugars: maximum 0.1 per cent (calculated as
glucose equivalent).

To 7.0 g add 13 mL of water R. Boil gently with 40 mL of
cupri-tartaric selution R for 3 min, and allow to stand for

2 min. A precipitate is formed. Filter through a sintered-glass
filter (16) (2.1.2) coated with diatomaceous earth R or

a sintered-glass filter (10) (2.1.2). Wash the precipitate

with hot water R (about 50-60 °C) until the washing is no
longer alkaline, and filter the washings through the same
sintered-glass filter. Discard the filtrate. Immediately dissolve

(2) This monograph has undergone pharmacopoeial harmonisation. See chapter 5.8. Pharmacopoeial harmonisation.
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Introduction. Manganese is one of the most vital trace elements for the
human body. It plays an important role in the formation and growth of bone tissue,
the functioning of the brain and nervous system, and is involved in energy
metabolism. It is necessary for many physiological processes, is a part of a large
number of enzymes, activates other enzymes that are necessary for the metabolism
of carbohydrates, fats, cholesterol, amino acids. Manganese is involved in the
synthesis of glucose in the process of glucogenesis, regulates the secretion of
hormones, and promotes regeneration. The deficiency of this trace element in the
body causes disruption of many important functions, including impaired bone
development, increases the risk of osteoporosis and rheumatoid arthritis, causes
muscle and joint pain, disrupts wound healing, and much more.

However, manganese compounds are quite toxic and poisoning with them
causes irritation of the mucous membranes of the eyes and respiratory tract,
shortness of breath, weakness, and central nervous system disorders, so controlling
the concentration of manganese compounds in dietary supplements is one of the
most important tasks.

Materials and methods. Objects of study - dietary supplements containing
manganese compounds. Method - spectrophotometry.

Results. After analysing the literature data, it was found that there are many
methods for the quantitative determination of manganese compounds in various
objects, namely: titrimetric methods of analysis (complexometry,

permanganatometry, bromatometry), potentiometric and amperometric titration,
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photometric methods based on the oxidation of manganese (II) compounds to
permanganate, and others.

We have carried out the quantitative determination of manganese
compounds in dietary supplements by the spectrophotometric method of analysis
using the reaction with formaldehyde. The optical density was measured at a
wavelength of 455 nm, which was determined by plotting the absorption spectrum
of a standard solution of manganese citrate. Dietary foods containing manganese
(IT) compounds were selected for the study. After appropriate sample preparation
of each sample and the addition of formaldehyde, the optical density of the
resulting solutions was measured. The content of manganese compounds in the
studied samples was determined according to the calibration chart. By analysing
the data obtained and performing a partial validation of the method, it was
established that the wvalidation characteristics meet the acceptance -criteria
according to the SFC. Therefore, this method can be used for the quantitative
determination of manganese compounds in dietary supplements.

Conclusions. The proposed method is an alternative method for the
quantitative determination of manganese compounds in dietary supplements by

spectrophotometry.



